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METHOD AND APPARATUS FOR INTELLIGENT SPEAKER 
BACKGROUND 

1. Field 

This invention relates to audio systems, more particularly to determining speaker 
characteristics and matching of audio system components. 

2. Background 

High-end audio systems typically include various signal production components, such 
as tuners, CD players, tape decks, and turntables, amplifying components such as receivers 
and amplifiers, and sound generation elements, usually various configurations of speakers. 
Connoisseurs of audio systems often buy the components from various manufacturers, or 
change components of the same manufacturer over the system lifetime. 

High-quality equipment available today has commensurately high-quality component 
signal levels, with broad audio bandwidth and ultra-low distortion. Interfaces exist between 
the signal generation equipment and the amplification equipment. However, the interface 
between the amplification equipment and the sound generation equipment is not as well 
characterized. Current state-of-the-art speakers have nominal impedances of 4 or 8 ohms, 
matching the output impedance of the amplifier. Beyond that, no general standardization 
exists. 

Speaker characteristics can be derived in several ways. The characteristics can 
include such performance aspects as maximum power handling capacity, impedance profile, 
and equalization requirements. Users typically adjust for these characteristics manually, 
which can be subjective and imprecise, as well as time-consuming. These adjustments 
typically do not account for the maximum power capacity, except for the manual volume 
control. Overpowering the speaker can damage or ruin it, resulting in a 'blown' speaker. 

Methods have been suggested to compensate for this lack of speaker characterization 
in audio systems. For example, US Patent No. 4,592,088, issued May 27, 1986 discloses a 
method of placing a microphone within a speaker enclosure or housing. The output of the 
microphone is fed back to the amplifier, providing control of the amplifier output in view of 
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the speaker output. However, this approach relies upon the quality of the microphone as well 
as the extra interface between microphone and amplifier. 

In another example, found in US Patent No. 5,818,948, issued October 6, 1998, the 
speaker is powered and communicates along a USB interface. The USB controller receives 
5 the audio data along this bus. It also detects when there is no data and manages power to the 
speakers based upon their status of receiving or not receiving any signals. However, there are 
no control communications with regard to the speaker characteristics. 

Another example can be found in US Patent No. 5,532,556, issued July 2, 1996. This 
disclosure includes multiplexing audio and control signals together between audio function 
10 units. The control signals do not include information about speaker characteristics, beyond 
their presence and their status as receiving or not receiving audio signal. 

Therefore, a need exists for a method and apparatus for providing speaker 
characteristics along already-established interfaces in audio systems. 



15 SUMMARY 

One aspect of the invention is a speaker system having speaker hardware and a 
communications module. The communications module transmits information from the 
speaker system about the speaker characteristics. In one embodiment of the invention, the 
communications module is powered by a carrier signal. A high-pass filter passes the carrier 

20 signal to a rectifier, which provides power to the communications module. The 

communications module then transmits the speaker characteristic information along the 
connection between the speaker system and the amplifier. 

Another aspect of the invention is a method for operating a speaker system having 
intelligence. A carrier signal is generated by an amplifier and sent to a speaker system 

25 connected to the amplifier. The carrier signal is used to provide power to a communications 
module that transmits information to the amplifier. The transmission continues until the 
carrier signal is no longer present. An optional step includes transmitting information from 
the amplifier to the speaker. The connection may be wired or wireless, the transmission 
format may be any standardized format, including amplitude modulation of the carrier signal, 

30 phase- shift keying, or two-tone modulation among others. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

The invention may be best understood by reading the detailed description with 
reference to the drawing(s), wherein: 

Figure 1 shows one embodiment of a block diagram of an audio system including an 
5 amplifier and speakers, in accordance with the invention. 

Figure 2 shows one embodiment of a block diagram of an intelligent speaker, in 
accordance with the invention. 

Figure 3 shows a flowchart for one embodiment of a method for communicating 
between a speaker and an amplifier. 

10 

DETAILED DESCRIPTION OF THE EMBODIMENTS 

Figure 1 shows an amplifier 10 connected to speakers 12a and 12b. This is merely 
intended as an illustration of the sound generation and amplification portions of a sound 
system. Typically, sound systems include a tuner/receiver, a CD player, tape deck, turntable 
15 or some other type of sound production equipment. Similarly, the speakers 12a and 12b are 
show connected to the amplifier 10 through wired connections. It must be understood that the 
connection between the speakers and the amplifier could also be wireless. However, for 
purposes of discussion, and with no intention of limiting the invention, a wired connection 
will be assumed. 

20 The speakers 12a and 12b of Figure 1 have several components in them other than just 

the speaker hardware. For that reason, they will be referred to as speaker systems. A more 
detailed block diagram of a speaker system 12 is shown in Figure 2. The speaker system 12 
housing connects to the amplifier via connections 20a and 20b. These are shown a wired 
connection. If this were a wireless speaker system, there would be a wireless receiving 

25 module in place of the connections 20a and 20b. The speaker hardware, such as woofers 
and/or tweeters, is shown as speaker 22. The intelligence of the speaker lies in the three 
components of the high-pass filter 24, the rectifier 26 and the communications module 28. 

The speaker system is powered by a high frequency carrier signal. High-pass filter 24 
passes the high frequency signal to the rectifier 26. The rectifier 26 operates to convert the 

30 high frequency carrier to power, which is used to power the communication module 28. 

Communication module 28, upon receiving power, will start transmitting through the speaker 
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connections 20a and 20b. The transmission will send the speaker characteristics to the 
amplifier. 

There are several methods by which the communication module can transmit to the 
amplifier. These include amplitude modulation of the carrier signal, phase-shift keying, and 

5 two-tone modulation. The amplifier would require a module capable of receiving this 
transmission and interpreting its contents. In some situations, it may be desirable for the 
amplifier to receive all types of transmissions from speakers, so one amplifier may be used 
with any type of intelligent speaker. 

The communication module 28 will continue to transmit so long as there is a carrier 

10 signal. The amplifier may have a switching or polling mechanism that allows it to provide 
carrier signals only to those speakers with which it wants to communicate. When the 
amplifier has received the information, it can shut down communications by dropping the 
carrier signal. Without the power derived from the carrier signal, the communication module 
shuts down. 

15 One embodiment of a method for operating a sound system with intelligent speakers 

is shown in Figure 3. The amplifier generates the carrier signal at 30. The high-pass filter 
will either be passing the high frequency carrier signal or not at 32. If the carrier signal is 
present, the power is provided to the communications module and transmission from the 
speaker occurs at 34. In higher-end systems, it may be desirable for the amplifier to send 

20 control signals to the speaker, other than the audio data. This would occur at 36, but this is an 
optional step and not necessary for practice of the invention. The transmission loop repeats 
until the carrier signal is no longer present. Once the carrier signal is not present at 32, the 
communications module shuts down at 38. 

A concern in using such a communication module and the speaker connection is that 

25 the communication may affect speaker performance and degrade the quality of the system. 
However, some adjustments can overcome that problem. First, the high-pass filter, rectifier 
and communications module can be designed to present high impedance at all frequencies 
within the normal audio range of the speaker system. This prevents any significant load from 
being placed on the connection, which could significantly impact the speaker characteristics. 

30 Essentially, this renders the intelligence components of the speaker system transparent. 

Another adjustment can separate the carrier signal and control data from the audio 
signal. The carrier signal and communication from the speaker could be handled in a separate 



8371-102 



4 



frequency band from the audio signal, selected so as to not have any overlap. Alternatively, 
the two bands could overlap, at least partially. In this situation, it may be desirable to shut 
down the communications module as soon as the transmission is completed, to avoid any 
degradation of the audio signal due to communication signal noise. The communication 
could transpire at power up of the system, using delays in acquiring a sound production signal 
to allow communication from the speaker. 

An advantage of the speaker with intelligence is that it allows the amplifier to have 
more complete information with regard to the speaker characteristics. The amplifier would 
have data on the maximum power handling capacity, the impedance profile and the 
equalization requirements. For example, the speaker may have a maximum power capacity 
that is less than that indicated by full volume on the amplifier. The amplifier could then 
override any volume settings that would otherwise damage a speaker. Similarly, having more 
exact information than a range of impedance and the equalization requirements will allow the 
speaker to modulate the audio signal more precisely, resulting in better system performance. 

Thus, although there has been described to this point a particular embodiment for a 
method and structure for an intelligent audio speaker, it is not intended that such specific 
references be considered as limitations upon the scope of this invention except in-so-far as set 
forth in the following claims. 
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WHAT IS CLAIMED IS: 

1. A speaker system operable to generate sound, comprising: 

a) a speaker operable to generate sound in response to an audio signal; and 

b) a communication module operable to transmit information to an amplifier in response 
to a carrier signal, wherein the information includes speaker characteristics. 

2. The speaker system of claim 1 , wherein the communication module transmits information 
to the amplifier across wires. 

3. The speaker system of claim 1 , wherein the communication module transmits information 
to the amplifier using a wireless connection. 

4. The speaker system of claim 1, wherein the speaker system further comprises a high-pass 
filter and rectifier operable to derive output power from the carrier signal. 

5. The speaker system of claim 1, wherein the communication module has high impedance 
to avoid placing a load on the speaker that would degrade system performance. 

6. The speaker system of claim 1 , wherein the communication module communicates via 
one of the group comprising: amplitude modulation, phase-shift keying, and two-tone 
modulation. 

7. The speaker system of claim 1, wherein the information transmitted by the 
communication module is transmitted in a separate frequency band from the audio signal. 

8. The speaker system of claim 1, wherein the information transmitted by the 
communication module is transmitted in a frequency band that overlaps the audio signal. 

9. A method for operating a speaker system in a sound system, the method comprising: 

a) generating a carrier signal from an amplifier to the speaker system through a 
connection between the amplifier and the speaker system; 

b) rectifying power from the carrier signal in a speaker system, wherein the power is 
used by a communication module; and 

c) transmitting information to the amplifier using the communication module for as long 
as the carrier signal is present at the speaker system. 

10. The method of claim 9, the method further comprising presenting high impedance at an 
interface between the communication module and the speaker system connection and at 
all frequencies with a normal audio range of the speaker. 

11. The method of claim 9, the method further comprising transmitting information from the 
amplifier to the speaker system. 
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12. The method of claim 9, wherein the transmitting information to the amplifier is 
accomplished using one of the group comprising: amplitude modulation; phase-shift 
keying; and two-tone modulation. 

13. The method of claim 9, wherein the information is transmitted in a frequency band 
separate from a frequency band used by an audio signal. 

14. The method of claim 9, wherein the information is transmitted in a frequency band that 
overlaps a frequency band used by an audio signal. 

15. A speaker system, comprising: 

a) a speaker connector operable to connect the speaker system to an amplifier; 

b) speaker hardware operable to generate sound from an audio signal received from the 
speaker connectors; 

c) a high-pass filter operable to pass a high frequency carrier signal received from the 
speaker connector; 

d) a rectifier operable to receive the high frequency carrier signal and convert it into a 
power signal; and 

e) a communications module operable to receive the power signal from the rectifier and 
transmit characteristics of the speaker hardware to the amplifier using the speaker 
connector. 

16. The speaker system of claim 15, wherein the speaker connector connects the speaker 
system to the amplifier with wires. 

17. The speaker system of claim 15, wherein the speaker connector connects the speaker 
system to the amplifiers using a wireless connection. 
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METHOD AND APPARATUS FOR INTELLIGENT SPEAKER 
ABSTRACT 

A speaker system having intelligence for communication with the amplifier. The 
speaker system contains a communications module that transmits information across the 
connection between the speaker system and the amplifier with regard to the speaker 
characteristics. The communications module may be powered by a rectifier that derives 
power from a high frequency carrier signal passed to it by a high-pass filter. The method of 
operating the speaker generates a carrier signal and powers the communications module using 
the carrier signal. The communications module transmits information to the amplifier so long 
as the carrier signal is present and shuts down when the carrier signal is no longer present. 
An optional step includes allowing communication to the speaker system from the amplifier. 
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